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Abstract

Purpose  Air pollution is an established lung carcinogen,
and there is increasing evidence that air pollution also
negatively affects the brain. We have previously reported
an association between air pollution and risk of brain
tumors in a cohort study based on only 95 cases. We set out
to replicate that finding in a large nationwide case—control
study.

Methods We identified all 4,183 adult brain tumor cases
in Denmark in the years 2000-2009 and 8,018 risk set
sampled population controls matched on gender and year
of birth. We extracted residential address histories and
estimated mean residential nitrogen oxides (NO,) concen-
trations since 1971 with a validated dispersion model.
Categorical and linear odds ratios (OR) and confidence
intervals (CI) were calculated with conditional logistic
regression models.

Results The highest risk estimates for any brain cancer
were observed among subjects with the highest average
exposure levels (80-99 ug/m* OR 127, 95 % CI
0.82-1.96; >100 pg/m>: 1.40, 95 % CI 0.87-2.26 as
compared to <20 pg/m> NO,), but there was no increased
OR at NO, levels below 80 pg/m® and when modeled
linearly there was no significant association with risk of
brain cancer (OR 1.11, 95 % CI 0.84—1.46 per 100 pg/m?
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NO,). In sub-analysis the OR associated with exposures
>100 pg/m® was 2.30 (95 % CI 1.15-4.59) for non-glioma
and 0.89 (95 % CI 0.44-1.77) for glioma.

Conclusions This study did not support the relatively
strong linear association between air pollution and risk of
brain tumors which was found in our previous study. The
suggestion of an increased brain tumor risk at high expo-
sures merits further attention as does the differing results
according to tumor morphology.

Keywords Epidemiology - Brain cancer - Nitrous
oxides - Air pollution

Background

The etiology of brain tumors is largely unknown and even
though a long range of hypothesized risk factors have been
investigated, the only established risk factors are ionizing
radiation and rare hereditary conditions [1].

Ambient air pollution is a ubiquitous and complex
mixture of substances. It has since many years been known
that air pollution poses a health hazard, but only recently
air pollution [2] and diesel exhaust [3], a major component
of traffic-related air pollution, have been classified as car-
cinogenic by IARC. The major body of epidemiological
evidence for these classifications relate to lung cancer. For
other tumor locations, few studies are available. There is
growing evidence that exposure to air pollution affects the
brain e.g., by causing neuroinflammation and inducing
oxidative stress and studies have reported associations with
arange of health effects including impaired cognition [4-7]
and stroke [6, 8, 9]. Particulate matter (PM) appears to be
the component of air pollution most closely related to
negative central nervous system (CNS) effects [10]. The
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relevant route(s) by which the pollution affects the brain
are unresolved but there is evidence that ultrafine particles
(PM < 100 nm in diameter), may exert indirect effects on
the brain via induced systemic inflammation, or enter the
brain directly by crossing the blood-brain barrier or by
migration along the olfactory neurons [10, 11].

Although the few existing epidemiological studies on
air pollution and brain tumor risk have produced some
positive results they remain inconclusive [12—-14]. The
studies have limitations, such as area level exposure
proxies assessed at a single point in time and mortality
data or county level incidence rates rather than individual
level incidence data.

We previously reported an association between air
pollution and risk of brain cancer (incidence rate ratios
2.28; 95 % CI 1.25-4.19 per 100 ug/m3 NO,) in the Diet
Cancer and Health (DCH) cohort of 54,304 Danes recruited
during 1993-1997 and followed-up for cancer through
2006 [15]. The study had high quality modeled residential
NO, concentrations since 1971 for all participants, but was
limited by small number of cases. In the present study, we
investigate the association of air pollution and risk for brain
tumors in all adult brain tumor cases in Denmark over the
period 2000-2009.

Materials and methods

We conducted a register based case—control study among
the entire population of Denmark (5.4 million inhabitants).
All Danish citizens have since 1968 been assigned a per-
sonal identification number (PIN) by the central population
register (CPR) allowing every resident to be tracked in and
across all Danish health and administrative registers [16,
17].

Case ascertainment

Cases were identified from the Danish Cancer Registry
which has virtually complete records of all cancer cases in
Denmark since 1943 [18, 19]. Cases were all Danes (aged
18-85 years) registered with a benign or malignant tumor
of the brain proper (i.e., not including spinal cord,
meninges or cranial nerves) (ICD10: C71, D330-D332,
D430-D432), in the years 2000-2009. We included only
first, primary tumors, thus excluding any with preceding
tumors (except non-melanoma skin cancers) as well as all
metastases. To increase the likelihood of included cases
having sufficient address history for exposure assessment,
it was required that cases had been born in Denmark and
had a known address in Denmark (excluding Greenland
and the Faroe islands) at time of diagnosis.
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Control sampling

For each case two random controls, matched on gender and
year of birth, were selected from the CPR. Controls which
were dead, emigrated or diagnosed with cancer before the
diagnosis date of their matched case were excluded and,
substitute controls, matched on gender and year of birth,
were sampled from surplus controls from the present study
as well as from random population controls sampled for
other ongoing studies. All controls in the final sample were
required to be born in Denmark and to be alive, cancer free
(except non-melanoma skin cancer), and living at a known
address in Denmark (except Greenland and Faroe islands)
at time of diagnosis of their matched case.

Exposure assessment

We used the PIN to trace complete address histories for the
study participants from 1971 until end of 2009 or death. All
addresses in Denmark were geocoded and subsequently
outdoor NO, concentrations were estimated from the Danish
AirGIS modeling system which provides estimates of traffic-
related air pollution at 2 m height at the front door of all
addresses in Denmark since 1971. Time-weighted mean
NO, levels were calculated over all known addresses with
exposure data since birth or 1971, until date of diagnosis of
matched case. We also did a sensitivity analysis disregarding
exposure in the last 10 years prior to diagnosis. In a further
analysis, we used only exposure during the last 10 years
prior to diagnosis. In all analyses subjects with exposure data
for less than 80 % of the relevant exposure window were
excluded. The exposure model is described in more detail
elsewhere [20] (see also http://envs.au.dk/videnudveksling/
luft/model/airgis/). In short the model is based on detailed
time varying data on three contributors: (1) local air pollu-
tion from street traffic, calculated from input data on traffic
(intensity and type), emission factors for the car fleet, street
and building geometry, and meteorology; (2) urban back-
ground, calculated from data on urban vehicle emission
density, city dimensions, and building heights; and (3)
regional background, estimated from trends at rural moni-
toring stations and from national vehicle emissions. The
model has demonstrated good correlation between modeled
and measured NO, concentrations [21-23]. The model
cannot provide reliable estimates for historical particular
matter concentrations, as the required background concen-
trations and historical emission data are not available. NO,
has, however, been shown to correlate well with total particle
number concentration in Danish streets with » = 0.9 for
particle size 10-700 nm and r = 0.7 for particle size
<10 pm [24, 25]. We have therefore, as in previous publi-
cations [15, 26], used NO, as proxy for traffic-related air
pollution including particulate matter.
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Statistical methods

Using conditional logistical regression, we calculated odds
ratios (ORs) and 95 % confidence intervals for brain cancer
among Danish adults according to time-weighted mean
NO, exposure levels (<20, 20 to <40, 40 to <60, 60 to
<80, 80 to <100 and 100+ pg/m>) with the lowest expo-
sure category as reference. As including a second degree
polynomial of NO, in a linear model, offered no signifi-
cantly (likelihood ratio testing) improved fit over a linear
model we found no deviation from a linear association with
mean NO, exposure overall (p = 0.09); hence, we also
analyzed NO, linearly.

Apart from the implicit adjustment for the matching
variables: gender and year of birth, we also adjusted for
years living in highly urbanized municipalities (the Greater
Copenhagen area, Aarhus and Odense) as a linear variable
with an indicator for never living in these municipalities.
We performed separate analysis of malignant ICD10: C71)
and non-malignant (ICD10: D33.0-D33.2, D43.0-D43.2)
tumors and of glioma (ICD-O-3 topography codes
C71.0-71.9 and morphology codes 9380/3-9481/3) and
non-glioma tumors (All other morphologies. In our data,
81 % of these cases had no morphology information
Table 1). Post hoc, we stratified analysis by having ever
lived more than 1 year in the highly urbanized municipal-
ities and we also did analysis restricting the study to cases
50-77 of age at diagnosis. To gain power in the stratified
analysis, we broke the matching and used unconditional
logistic regression with adjustment for the matching vari-
ables: gender and date of birth. Data were analyzed using
SAS 9.2 (SAS Institute Inc., Cary, NC, USA).

Results

We identified 5,702 persons diagnosed with a tumor of the
brain in the years 2000-2009. We excluded 829 coded as
possible metastasis and 13 with preceding records in the

DCR, 237 diagnosed at age 85 or older, 267 not recorded as
born in Denmark, 15 with insufficient address data at
diagnosis, 137 cases with less than 80 % known address
history and finally 21 cases without a control. The final
study population consisted of 4,183 cases (348 with only
one control) and 8,018 controls.

The final study population comprised 57 % men
(Table 2) and was diagnosed equally across the period
2000-2009 with the majority (73 %) diagnosed at 50 years
of age or older. We had access to exposure data since 1971,
providing lifelong coverage for 9 % of cases and 8 % of
controls. For those born before 1971 we had 34-38 years
of exposure history for 46 % of cases and at least 29 years
of exposure history for the remaining subjects. The average
NO, concentrations over all available years were very
similar for cases and controls with a median NO, con-
centration of 17 pg/m® in both groups, the highest average
exposure observed was slightly higher in the case group
(261 pg/m?) than among the controls (250 pg/m?). In total,
44 % of cases and controls had lived one or more years in
the highly urbanized municipalities. Years of living in a
highly urbanized municipality was correlated with average
lifetime NO, concentrations with a Pearson correlation
coefficient of 0.38 (p < 0.0001) (data not shown).

When modeled linearly there was no significant asso-
ciation between NO, and risk of brain cancer (Table 3).
There was, however, suggestion of an increased risk in
subjects with the highest exposure levels 80-99 pg/m’
(1.27,95 % CI 0.82-1.96) and >100 ug/m? (1.40, 95 % CI
0.87-2.26). Disregarding exposure in the last 10 years
prior to diagnosis or reversely only including exposure
during the last 10 years provided more unstable results
than the overall analysis (Table 3), but no clear difference
in the results.

When looking at tumor types (Table 4), the number of
high exposed cases were small and risk estimates were
more unstable but the general picture was similar to the
overall analysis, with no linear association but the highest
risk estimates in the higher exposure categories. For glioma

Table 1 Histology codes (ICD-O-3) of non-glioma, primary brain tumors and observed numbers in a Danish population-based study of air

pollution, 2000-2009

Histology of non-glioma tumors n (%)
Verified histology

8680/1, 8850/0, 8890/0, 8890/3, 8900/3, 9040/3, 9064/3, 9084/0, 9120/0, 9121/0, 9150/1, 9150/3, 9161/1, 9370/3, 9490/0, 212 (13.4)

9490/3, 9500/3, 9503/3, 9505/1, 9505/3, 9506/1, 9540/0, 9540/3, 9560/0, 9590/3, 9591/3, 9671/3, 9680/3, 9702/3

Possible misclassified histology
8010/3, 8050/0, 8720/3, 8750/0, 9220/3, 9530/0, 9537/0 36 (2.3)
Unspecific histology

8000/0, 8000/1, 8000/3, 8001/3 40 (2.5)
No histological verification

9990/0, 9990/1, 9990/3, 9999/0, 9999/1 1,299 (81.9)
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Table 2 Descriptive characteristics of primary brain tumor cases
(ICD10: C71, D33. 0-D33.2, D43.0-D43.2) and matched controls in
a Danish population-based study of air pollution, 2000-2009

Cases Controls
Number % Number %
4,183 100 8,018 100
Gender
Women 1,816 43 3,493 44
Men 2,367 57 4,525 56
Year of diagnosis (of matched case)
2000-2001 825 20 1,570 20
2002-2003 816 20 1,559 19
2004-2005 776 19 1,490 19
2006-2007 857 20 1,646 21
2008-2009 909 22 1,753 22
Age at diagnosis (of matched case)
18 to <30 245 6 446 6
30 to <40 340 8 636 8
40 to <50 549 13 1,037 13
50 to <60 910 22 1,763 22
60 to <70 970 23 1,866 23
70 to <85 1,169 28 2,270 28
Years of exposure history
29 to <30 414 10 791 10
30 to <32 737 18 1,404 18
32 to <34 728 17 1,408 18
34 to <36 744 18 1,435 18
36 to <38 808 19 1,572 20
38 to <40 378 9 732 9
Lifelong (18-38 years)b 374 9 676 8
Time-weighted mean residential NO, exposure level (ug/m®)
Mean 22 22
Median 17 17
5 % Percentile 14 14
95 % Percentile 45 46
Min 12 12
Max 261 250
Cumulated years of living in highly urbanized municipalities®
Never 2,340 56 4,477 56
<1 107 2 173
1to<5 240 6 461
5 to <10 175 4 391 5
10 to <20 237 6 480
20 to <40 1,084 26 2,036 25

 Odense, Arhus and Greater Copenhagen area

" Exposure data available from birth until diagnosis (of matched
case)

the highest risk estimate (1.34, 95 % CI 0.75-2.38) was

seen among subjects with an exposure level of 80-99 pg/
m3, whereas no increase was observed in the higher
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exposure category. The opposite was seen for non-glioma
tumors where the ORs were a little above the null for
exposure levels from 40 pug/m® reaching 2.30 (95 % CI
1.15-4.59) in those exposed to more than 100 pg/m’. For
non-glioma tumors, there was a significant linear associa-
tion with an odds ratio of 1.53 (95 % CI 1.02-2.29) in
association with a 100 pug/m® increase in NO,. The asso-
ciation seemed mainly to be restricted to the highest
exposure category (1004 pg/m® NO,).

For malignant tumors the observed ORs in the two
higher exposure categories were 1.68 (95 % CI 1.05-2.70)
and 1.22 (95 % CI 0.71-2.10). For the non-malignant
tumors no clear picture emerged, although the highest
estimate (2.40, 95 % CI 0.85-6.79) was seen for people
with the highest exposure (>100 pg/m?); numbers were,
however, small and confidence intervals wide.

As the results conflicted with our previously reported
association between NO, and risk of brain tumors in the
DCH-cohort [15], we conducted a number of post hoc
analyses to closer emulate that study: Restricting our
analysis to cases aged 50-77 years at diagnosis did not
yield materially different results (data not shown). When
stratifying analyses by ever having lived more than 1 year
in one of the major urban municipalities of Denmark, we
found a risk estimate of 1.27 (95 % CI 0.97-1.66) per
100 pg/m®> NO, when as in the previous study, not
adjusting for years of urban living (Table 5). Adjustment
brought the OR to 1.24 (95 % CI 0.94-1.64). Also, the
categorical estimates among the highly exposed partici-
pants tended to be higher than in the overall analysis
(Table 5). For persons living less than a year in a major
urban municipality, there was no evidence of increased
risks; only few persons in this group experienced high
exposure precluding meaningful interpretation. The p value
for the interaction between exposure level and urban living
was 0.15.

Discussion

In a nationwide study of over 4,000 brain tumor cases and
matched controls, all with lifelong or at least 29 years of
information on residential NO, exposure, we found no
overall association with risk of brain tumors. There was,
however, a tendency for elevated risk among subjects with
average lifetime NO, exposures above 80 pg/m’. Such
exposure levels were almost exclusively observed in sub-
jects who lived for more than a year in a major urban area
and restricting analysis to urban inhabitants accentuated
risk estimates.

A Taiwanese case—control study of children and
younger adults (age <30) used proportion of municipality
residents occupied in non-petrochemical industry as a
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Table 3 Association between mean NO, concentrations at residence since 1971 and risk for brain tumors in a Danish population-based study of

air pollution, 2000-2009

NO, exposure level (ug/m3) Cases Controls

Unadjusted OR (95 % CI)*

Urban adjusted OR (95 % CI)b

All brain tumors

<20 2,746 5,263
20-40 1,146 2,214
40-59 172 337
61-79 54 109
80-100 35 53
100+ 30 42

pr 100 pg/m’® increase

10 years latency period®

<20 2,567 4,767
20-40 1,168 2,164
40-59 171 345
61-79 50 117
80-100 38 49
100+ 37 61

pr 100 pg/m? increase

Only exposure in last 10 years prior to diagnosis

<20 3,129 5,995
20-40 737 1,428
40-59 149 286
61-79 63 108
80-100 35 61
100+ 42 54

pr 100 pg/m? increase

Referent

0.99 (0.91-1.08)
0.97 (0.80-1.17)
0.96 (0.69-1.33)
1.25 (0.82-1.92)
1.38 (0.86-2.21)
1.08 (0.84-1.40)

Referent

1.00 (0.91-1.09)
0.91 (0.76-1.11)
0.81 (0.58-1.13)
1.39 (0.90-2.13)
1.11 (0.73-1.67)
1.01 (0.79-1.28)

Referent

0.98 (0.88-1.08)
1.00 (0.81-1.22)
1.09 (0.80-1.50)
1.13 (0.74-1.71)
1.51 (1.00-2.26)
1.20 (0.96-1.52)

Referent

0.99 (0.91-1.09)
0.98 (0.80-1.19)
0.97 (0.70-1.35)
1.27 (0.82-1.96)
1.40 (0.87-2.26)
1.11 (0.84-1.46)

Referent

1.00 (0.91-1.10)
0.92 (0.76-1.12)
0.82 (0.58-1.15)
1.40 (0.91-2.16)
1.12 (0.74-1.71)
1.02 (0.79-1.33)

Referent

0.99 (0.89-1.10)
1.00 (0.82-1.23)
1.11 (0.80-1.52)
1.14 (0.75-1.74)
1.53 (1.02-2.31)
1.24 (0.97-1.59)

OR odds ratio, CI confidence interval

* Conditional logistic regression, matched on: gender and year of birth

® Additional adjustment for years of living in a major urban municipality

¢ Disregarding exposure in the last 10 years prior to diagnosis

proxy for industrial air pollution and found a positive
association with mortality from brain cancer [14]. An
ecological study in Indiana, USA, reported a positive
association at county level between industrial release of
volatile organic compounds and incidence of brain tumors
[12]. In contrast, in a large convenience sampled cohort of
adults aged 30+ in the USA and Puerto Rico with exposure
based on routine measurement data for the county of res-
idence at enrollment, there was no association between
either NO, or PM, 5 levels and brain cancer mortality in
adults [13]. Differences in age ranges and exposure metric
and the lack of individual incidence data and individual
exposure data taking into account peoples migration his-
tories hampers comparison with our results. Our previous
study [15], based on the predominantly urban DCH-cohort
spurred the present study: using the same exposure
assessment method, the risk for cancer of the CNS was
found to increase 2.28-fold (95 % CI, 1.25-4.19) per
100 pg/m? increase in NO,. This result is in contrast to that

of the present study, which is rather compatible with a lack
of association between air pollution and risk of brain
tumors. The result of the DCH-cohort study may, thus, be a
chance finding given the exploratory nature and small
number of brain cancer cases included (n = 95). We did,
however, observe the highest risk estimates in association
with the highest exposure levels and in the post hoc anal-
ysis most similar to the previous study we found an OR of
1.27 (95 % CI 0.97-1.66) per 100 pg/m> NO, among the
sub-population living one or more years in a major urban
municipality. The OR of 1.27 is just within the confidence
interval of the DCH-study. Thus, an association between
air pollution and risk for brain cancer might only be
detectable in urban areas with higher levels and a wider
range of exposures to air pollution. Our results could,
however, also well be down to chance as they never
reached significance and were based on relatively small
numbers. Also, neither our present nor our previous study
[15] detected significant deviation from a linear
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Table 4 Association between mean NO, concentrations at residence since 1971 and risk for subgroups of brain tumors in a Danish population-

based study of air pollution, 2000-2009

NO, exposure level (ug/m3) Cases Controls Unadjusted OR (95 % CD?* Urban adjusted OR (95 % CI)b
Malignant tumors (ICD10: C71)

<20 2,114 4,078 Referent Referent

2040 887 1,675 1.02 (0.92-1.12) 1.02 (0.92-1.14)

40-59 126 273 0.88 (0.71-1.09) 0.88 (0.70-1.10)

61-79 38 86 0.86 (0.59-1.27) 0.86 (0.59-1.28)

80-100 33 38 1.68 (1.05-2.68) 1.68 (1.05-2.70)

100+ 22 35 1.22 (0.71-2.09) 1.22 (0.71-2.10)

pr 100 pg/m’® increase
Non-malignant tumors (ICD10: D33.0-D33.2, D43.0-D43.2)

<20 632 1,185
20-40 259 539
40-59 46 64
61-79 16 23
80-100 2 15
100+ 8 7

pr 100 pg/m? increase

1.09 (0.82-1.46)

Referent

0.89 (0.75-1.07)
1.37 (0.92-2.03)
1.29 (0.68-2.45)
0.23 (0.05-1.01)
2.21 (0.80-6.13)
1.03 (0.60-1.79)

Glioma ICD-O-3 topography: C71.0-71.9 and morphology: 9380/3-9481/3

<20 1,713 3,262
20-40 724 1,378
40-59 98 218
61-79 29 63
80-100 20 29
100+ 12 26

pr 100 pg/m? increase

Non-glioma tumors

<20 1,033 2,001
20-40 422 836
40-59 74 119
61-79 25 46
80-100 15 24
100+ 18 16

pr 100 pg/m® increase

Referent

1.00 (0.89-1.11)
0.84 (0.66-1.07)
0.88 (0.56-1.37)
1.33 (0.75-2.35)
0.88 (0.44-1.75)
0.84 (0.59-1.20)

Referent

0.97 (0.85-1.12)
1.22 (0.90-1.65)
1.08 (0.66-1.76)
1.16 (0.61-2.22)
2.23 (1.14-4.40)
1.45 (1.00-2.10)

1.10 (0.81-1.50)

Referent

0.90 (0.74-1.10)
1.40 (0.93-2.11)
1.34 (0.69-2.58)
0.25 (0.06-1.12)
2.40 (0.85-6.79)
1.15 (0.62-2.10)

Referent

1.00 (0.89-1.12)
0.84 (0.66-1.09)
0.88 (0.56-1.38)
1.34 (0.75-2.38)
0.89 (0.44-1.77)
0.84 (0.58-1.23)

Referent

0.98 (0.84-1.14)
1.24 (0.91-1.68)
1.10 (0.67-1.80)
1.19 (0.61-2.30)
2.30 (1.15-4.59)
1.53 (1.02-2.29)

OR odds ratio, CI confidence interval

* Conditional logistic regression, matched on: gender and year of birth

® Additional adjustment for years of living in a major urban municipality

relationship between NO, and brain tumors. Such deviation
would, however, be difficult to detect statistically given the
low proportion of highly exposed subjects.

We found no clear evidence of different associations
between exposure and outcome depending on the exposure
time-window applied; the results based on the restricted
exposure time-windows seemed more unstable. With
10 year latency, the highest estimate was seen at the sec-
ond highest exposure level, whereas when looking only at
the 10 years preceding diagnosis the highest estimate was
in the highest exposure category with no increase in the
80-99 pg/m’ group.
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There was some evidence of an association of NO, and
risk of non-glioma tumors. These results were, however,
small and confidence intervals were wide; it may be a
chance finding. To our knowledge, there are no previous
studies on air pollution in relation to non-glioma tumors of
the brain. We were unable to further investigate this finding
due to insufficient morphology (84 %) or topology (73 %)
information.

A major strength of our study is the virtually complete
Danish health and population registers which allowed
identification of all primary brain tumors and matched
population controls. Furthermore, we established complete
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Table 5 Association between mean NO, concentrations at residence since 1971 and brain tumors, stratified by having ever lived more than a

year in a major urban municipality, in a Danish population-based study of air pollution, 2000-2009

NO, exposure level (ug/m3) Cases Controls

Unadjusted OR (95 % CI)*

Urban adjusted OR (95 % CI)b

Subjects living >1 year in major urban municipality®

<20 730 612
20-40 767 651
40-59 133 101
61-79 44 41
80-100 33 14
100+ 29 16

pr 100 pg/m® increase

Subject living <1 year in major urban municipality®

<20 2.016 2273
20-40 379 424
40-59 39 50
61-79 10 13
80-100 2

100+

pr 100 pg/m? increase

Referent

1.00 (0.89-1.13)
1.15 (0.91-1.45)
0.83 (0.58-1.19)
1.50 (0.95-2.36)
1.42 (0.87-2.33)
1.27(0.97-1.66)

Referent

1.01 (0.89-1.14)
1.16 (0.92-1.46)
0.84 (0.58-1.21)
1.51 (0.95-2.40)
1.44 (0.88-2.36)
1.24 (0.94-1.64)

Referent

1.02 (0.90-1.15)
0.87 (0.60-1.26)
0.92 (0.45-1.87)
0.48 (0.10-2.28)
0.44 (0.05-4.19)
0.76 (0.43-1.36)

OR odds ratio, CI confidence interval

* Unconditional logistic regression, with adjustment for gender, date of birth

° Additional adjustment for years of living in a major urban municipality

° Odense, Arhus and Greater Copenhagen area

address and exposure histories since 1971 for the vast
majority of subjects, using a successfully validated, state-
of-the-art, air pollution modeling system.

Our study is limited by the lack of data on exposure
during work or commuting and the reliance on modeled
residential NO, levels even though ultrafine particles are
probably more relevant for neurological effects [10]. Our
model has, however, demonstrated good correlation with
measured concentrations of ultrafine particles [24, 25] and
has demonstrated its relevance in many previous studies
[15, 20, 26-28].

By design we were restricted to information about
potential confounders routinely registered in Denmark.
There are, however, very few established risk factors for
brain tumors.

Another limitation was the small number of highly
exposed cases which impeded analysis of specific tumor
types and locations.

Overall, this population wide study did not corroborate
our previous finding of a strong linear association between
air pollution and risk of brain tumors. The suggestion of an
increased brain tumor risk among persons with high
exposure merits further attention preferably in a design
with more high exposed cases with detailed information on
tumor type and location.
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